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Abstract 

From the equivalence principle, one gets the strength of the gravi- 
tational effect of a mass M on the metric at position r from it. It is 
proportional to the dimensionless parameter /3 2 = 2GM/rc 2 , which nor- 
mally is << 1. Here G is the gravitational constant, M the mass of the 
gravitating body, r the position of the metric from the gravitating body 
and c the speed of light. The seeable universe is the sphere, with center 
at the observer, having a size such that it shall contain all light emitted 
within it. For this to occur one can impose that the gravitational effect 
on the velocity of light at r is zero for the radial component, and non zero 
for the tangential one. Light is then trapped. The condition is given by 
the equality R g = 2GM/c 2 , where R g represents the radius of the seeable 
universe. It is the gravitational radius of the mass M. The result has been 
presented elsewhere as the condition for the universe to be treated as a 
black hole. According to present observations, for the case of our universe 
taken as flat (A: = 0), and the equation of state as p — —pc 2 , we prove here 
from the Einstein's cosmological equations that the universe is expanding 
in an accelerated way as t 2 , a constant acceleration as has been observed. 
This implies that the gravitational radius of the universe (at the event 
horizon) expands as t 2 . Taking c as constant, observing the galaxies deep 
in space this means deep in time as ct, linear. Then, far away galaxies 
from the observer that we see today will disappear in time as they get out 
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of the distance ct that is < R g . The accelerated expanding vacuum will 
drag them out of sight. This may be a valid test for the present ideas in 
cosmology. Previous calculations are here halved by our results. 

1 Introduction 

In 1962 Edward P. Ney [T| asked himself How large must a universe be 
in order that it shall contain light emitted within it? If we change the 
wording how large by how strong the gravity field must be and the word 
universe by the word object, then we have the history of black holes as fol- 
lows: first known consideration of light not being able to escape from such 
an object (not a universe) was given by Michell in 1784 Eleven years 
later Laplace [3] addressed the same question. After the publication of 
Einstein's general relativity Schwarzchild published in 1916 [3] a solution 
to general relativity advancing his well known radius (later referred as the 
gravitational radius of a mass M, R g = 2GM/c 2 ). About 50 years later it 
was recognized that black holes were predicted by general relativity. Was 
Wheeler [5] the known author of the name black hole in 1967, referring to 
the continuous gravitational collapse of an over-compact mass. It is evi- 
dent that the first author to treat our universe as a black hole, five years 
before this name was used, was Ney Q]. It is not necessary to think of a 
black hole as an over-compact mass. One can have a black hole with any 
mass, as long as it also has the right size. The biggest mass that one can 
consider is the mass of the seeable universe: a universe that contains all 
light emitted within it. Usually the word visible universe refers to the visi- 
ble light from the surface of last scattering, from the recombination epoch 
(like the CMBR). The word observable universe refers to the universe we 
could observe with light or some other means from the initial big-bang. 
As we will see, here the word seeable refers to the universe considered as 
a black hole, like the surface of the event horizon, as noted by Lineweaver 
and Davis [6]. Now, an average density of the observable universe is of the 
order of 10 -29 g/cm 3 , about the critical density. The age of the universe 
t is now believed to be about 1.37 x 10 10 years. Then multiplying this 
by the speed of light we get the number ~ 10 28 cm. If we look deep in 
space we are looking back in time, much more back the deeper we look. 
We are limited in going back in time by the amount of 1.37 x 10 10 years, 
as we will see. We are then limited to see deeper than about 10 28 cm. We 
may roughly calculate a mass for the observable universe by computing 
the mass from the density inside a sphere of size ~ 10 28 cm. This gives a 
mass of about 2 x W 56 g using the general relativity coefficient for volume 
(27r 2 ). Using this value for the mass one gets the value of the gravitational 
radius of the universe as 

R g = 2GM/c 2 « 3 X 10 28 cm (1) 

We have called this gravitational radius as the radius of the sphere 
of the seeable universe. It has a deep physical meaning. This wording 
comes from the calculation of the size of a universe that has all its light 
trapped, as we will see (identified here with the gravitational radius R g ). 
It is then a maximum that cannot be observed in the sense that any light 
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getting close to this limit just turns around and goes back to its origin. 
It is like being able to see your own back looking deep in space. But the 
observational size of the universe is less than that today. When calculating 
it as the Hubble radius, H/c, a conventional way to define an observational 
universe, it is smaller than the seeable size R g . We will prove that the 
radius of the seeable universe increases with time as R g ~ t 2 , while the size 
of observable universe increases as ct (today about 10 28 cm). Taking the 
speed of light as constant this means a linear relation with time. The speed 
of expansion for the gravitational radius is (R g )' ~ t and its acceleration 
is therefore constant, an accelerated universe as has been observed for the 
last ten years -Type la supernova [5] 11UI 111] and CMB anisotropics 
[12t 1 131 [T4j — . Clearly the gravitational radius is larger than the observable 
radius (about a factor of 3 today) and its expansion going faster drags the 
far away galaxies out of sight. Looking and identifying a far away galaxy, 
and looking again after some time long enough, no galaxy would be there: 
it just disappears. This is a proposed test that may be technically possible 
in the near future. With the expansion due to the dark energy background 
of the universe going as ~ t 2 , it may be that this happens earlier than 
thought P3UT6]. 

2 Evidence in support of the idea of the 
seeable universe to be considered as a black 
hole 

2.1 Entropy upper bounds 

In 1981 Bekenstein [17] found an upper bound for the ratio of the entropy 
Sb to the energy E = M<? of any bounded system with effective size R: 



About ten years later |18l I19| a holographic principle was proposed 
giving a bound for the entropy Sh of a bounded system of effective size R 
as 



If the two bounds turn out to be identical M is proportional to R and 
the system strictly obeys the Schwarzschild condition for a black hole. 
Also, for the case of a black hole we find that the Hawking and Unruh 
temperatures are the same. 

2.2 Consequences of the identification of the two 
bounds 

Identifying the bounds of equations ([2]) and ([3| we get, 



S B /E < 2-KkRhc 



(2) 



S h < nkc 3 R 2 /hG 



(3) 



2M = kcR/G 



(4) 
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which is the condition for the system (M, R) to be a black hole. Then, its 
entropy is given by the Hawking relation [20] 

S H = Auk/Tic GM 2 (5) 

that coincides with the two bounds of equations |[2j and ([3|. The mass of 
the universe M u is a maximum. And so is its size R. A bounded system 
implies a finite value for both. Using present values for Mu « 10 56 <? and 
R ~ 10 28 cm they very closely fulfill the Schwarzschild condition Q. This 
has been taken as an evidence for the Universe to be considered as a black 

hole rjirjs]. 

2.3 The case for the Unruh and Hawking tem- 
peratures 

The fact that a black hole has a temperature, and therefore entropy (es- 
tablished by Hawking [20])) implies that an observer at its surface, or 
event horizon, sees a perfect blackbody radiation, a thermal radiation 
with temperature Tb given by 

T H = he 3 /(%-nGMk) (6) 

where h is the Planck's constant, c the speed of light, G the gravitational 
constant, k Boltzmann's constant and M the mass of the black hole. 
This observer feels a surface gravitational acceleration R" . According to 
the Unruh (1976) [2T] effect an accelerated observer also sees a thermal 
radiation at a temperature TV, proportional to the acceleration R" and 
given by 

Tu = hKr/(2irck) (7) 

Based upon the similarity between the mechanical and thermo dy- 
namical properties of both effects, equations ([6]) and J7}, we identify both 
temperatures and find the relation: 

R" = cj(AGM) (8) 

Identifying the Unruh acceleration to the surface gravitational accel- 
eration: 

7?" = GM/R 2 (9) 
and substituting in equation JSJ) we finally get 

2GM/C 2 =R (10) 

This is the condition for a black hole. Since the Hawking temperature 
refers to a black hole this result confirms the validity of the identification of 
the two temperatures, equations ([6]) and ([7]), as well as the interpretation 
of the Unruh acceleration in equation (JpJ). 
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3 The gravitational radius of the universe 
that traps all light 

From the equivalence principle, one gets the strength of the gravitational 
effect of a mass M on the metric at position r from it [1] . It is proportional 
to the dimensionless parameter f3 2 = 2GM jrc 2 , which normally is << 
1. Here G is the gravitational constant, M the mass of the gravitating 
body, r the position of the metric from the gravitating body and c the 
speed of light. The seeable universe is the sphere, with center at the 
observer, having a size such that it shall contain all light emitted within 
it. For this to occur, one can impose that the gravitational effect on the 
velocity of light at r give a zero value for the radial component, and non 
zero for the tangential one Q]. Then, light is always inside the seeable 
universe, trapped within it. The condition is given by the equality R g = 
2GM/c 2 , where R g represents the radius of the seeable universe. It is the 
gravitational radius of the mass M. We will prove in the next section that 
the cosmological equation of state p = tope 2 , with the present observed 
value of to w —1, implies that the gravitational radius R g varies as ~ t 2 . 

4 Einstein/Friedmann cosmological equa- 
tions and the equation of state p = ujpc 2 

The Einstein tensor G M „ has a 4D zero divergence by construction: 

G% v = (11) 

The tensor G^v is a geometrical object and is the left hand side of 
the field equations. Then, the covariant divergence of the second term, 
i. e., 87r(G/c 4 )T M ", r M " the energy-momentum tensor, must be zero. 
The resultant equation has been found under the full generalization of 
considering G, c and the cosmological A as time variables [53] . We repeat 
it here: 

p'/p + 3(u + 1)H + A'c 4 /8irGp + G'/G - 4c /c = (12) 

where p is here energy density, H the Hubble parameter H — a(t)' /a(t), 
a(t) the cosmological scale factor as is defined in the Robertson- Walker 
metric, and w defines the equation of state. Considering the cosmological 
constant A as a true constant one can integrate equation (|12[) giving, 

{Gp/c A )a{tf {u+1) = constant (13) 
The resulting equation (| 13p may be transformed to 

{GM/c 2 )a(t) 3oJ = constant (14) 

And using the definition of the gravitational radius R g as the Schwarzschild 
radius we get from equation (TT4")) 

R g a(t) 3LJ = constant (15) 
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Hence, the gravitational radius, the seeable size of the universe as a 
black hole, depends only on the cosmological scale factor a(t) and the 
equation of state parameter uj. With the present value for the parameter 
uj = — 1 we have the solution from equation ()15[) as 

R g = a(t) 3 constant (16) 

We use now the Friedmann equation that, together with equation (|15p . 
completely defines the cosmological model (the integration of the two 
Einstein cosmological equations): 

(H) 2 = [a(tY/a(t)] 2 = SivGp/3 = GM/[a(t)f x constant (17) 

Whatever the time dependence of G and M may be, we prove now that 
their product GM must be a constant. This comes from the consideration 
that the entropies in equations @, © and © must be an extensive 
property, proportional to mass M. 

We know that G is always associated with a mass. Then the constancy 
of mass can be substituted by the constancy of GM. The Friedman equa- 
tion (|17[) is then, 

a(t)[a(t)'] 2 = constant (18) 
which is the well known Einstein-de Sitter model with solution: 

a(t)/a(t )'] = (i/t ) 2/3 (19) 

Recently [25] it has been shown that the probability that the universe 
emerges right after a big trip, thus avoiding a big rip, in a state of initial 
constant ojq, will be maximal if and only if one has ujq = —1/3. From 
equation (|15|) we see that this value corresponds to a gravitational radius 
for the universe expanding as the cosmological factor a(t) given in equation 
(|18|) . an initial Einstein-de Sitter state of the universe expanding as in 
equation (|19|) . After this we have today strong evidence that the value of 
cj is -1, at least as far back as redshift z fn 1. Again, going to equation 
(|15|) we see that the gravitational radius of the universe expands now as, 

R g (t)/R g (t ) = [a(t)/a(t )r 3u = [a{t)/a{t )f = (t/t ) 2 (20) 

Then, the gravitational radius of the universe starts with a time de- 
pendence as given by the Einstein-de Sitter universe, equation (|19|) with 
the equation of state p = — l/3pc 2 and evolves in such a way that the dark 
matter and energy components make the equation very close to p — —pc 2 
as of today. The observable size of the universe going as ct implies that all 
contents in the universe are dragged faster than this, ~ t 2 as in equation 

po]i. 

5 The proposal for a test of the present 
cosmological models 

In our approach galaxies are physically dragged by expansion as ~ t 2 
which means that they are disappearing when they are dragged beyond 
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the distance c/H fn ct. By looking at a particular identifiable galaxy deep 
in space, we could check its disappearance after some finite time. This im- 
plies a repetition of observations of the same galaxy deep in space hoping 
to find at some later time that the pinpointed galaxy is no longer there. 
Figures [T] and [2J present this situation. Starkman et al [IS] presented in 
1999 arguments to expect objects to become out of causal contact. Later 
Gudmundsson and Bjornsson ,16! , as well as Loeb [26], pointed out this 
possibility about ten years ago. In this direction an out of sight possibility 
for far away galaxies has been pointed out by Lineweaver and Davis [6]. 
The calculations made, as Loeb [26] presented, must be halved in our case 
due to the ~ t 2 dependence of the dragging background presented here. 
We also present it under a different point of view, with the same basic 
idea of getting out of sight galaxies in time due to accelerated expansion. 
Our conclusion on the dragging effect going as ~ t 2 halves the calculations 
presented by these authors. 

6 Conclusions 

The universe can be seen as a black hole. From each observer in it we can 
interpret that he is at the centre of a sphere, with the Hubble radius, that 
would be the observable universe, but there is the gravitational radius that 
is larger than the observable one. The isotropic acceleration present at 
each point in the universe, and given by equation ©, implies that there is 
no distortion for the spherically distributed acceleration if we consider the 
strict conditions of the cosmological principle. However, the presence of a 
nearby important mass, like the sun, in any point in interplanetary space 
will distort this spherically symmetric picture. With respect to the probes 
Pioneer 10/11, that detected an anomalous extra acceleration towards the 
sun of value (8.74 ±1.33) x 10~ 8 cm/s 2 [27], we can see that this value is 
only a bit higher than the one predicted by equation ([9}, which is about 
7.7 x l(T 8 cm/s 2 . This difference is an effect that can be explained by the 
presence of the sun converting the isotropic acceleration to an anisotropic 
one. For about ten years we have good evidence that the universe is 
expanding in an accelerated way. We have found here that the present 
observations, that favours the value cj = — 1 for the equation of state, 
imply an expanding law of the type R g ~ t 2 giving a constant acceleration. 
Thus, the gravitational radius Rg, that can be interpreted as the size of 
the universe as a black hole, trapping all light gives the maximum seeable 
size for the universe. The Hubble radius, c/H, can be interpreted as the 
maximum observable size for the universe since it is limited by its age, 
the distance travelled by light going backwards in time up to the initial 
stages. The background vacuum is then expanding at a faster rate than 
it can be observed. And this vacuum is the frame for all cosmological 
structures, like the galaxies. Then, galaxies are physically dragged by 
expansion as ~ t 2 which means that they are disappearing when they are 
dragged beyond the distance c/H. By looking at a particular identifiable 
galaxy very deep in space, we could check its disappearance after some 
finite time. The past calculations for this to occur are here halved by the 
expansion law ~ t 2 . 
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